The ancestral complement of cone visual pigments in vertebrates comprises four classes whose protein components are encoded by opsin genes and whose spectral sensitivities range from ultraviolet to red. This complement has been retained throughout the radiations of teleosts, amphibians, reptiles and birds. However, eutherian mammals have lost the shortwave-sensitive-2 (SWS2) and middlewave-sensitive (Rh2) classes [1] and retain only the longwave-sensitive (LWS) and shortwave-sensitive-1 (SWS1) classes. Most eutherians are, therefore, dichromats, with red-green colour blindness, with the exception of primates in which full trichromacy has been reinstated through the duplication of the LWS gene [2] . We have now found that monotremes are also exceptional amongst mammals in retaining the SWS2 class.
The oviparous monotremes diverged from the viviparous placental and marsupial mammals around 200 mya [3] . Extant monotremes are represented by a single species of platypus (Ornithorhynchus anatinus) ( Figure 1B) Figure 1A ; Supplemental data).
By contrast, only exon 5 of SWS1 could be found and is located on ultraContig 278 ( Figure 1A ). This contig also contains the syntenic genes CALU and NAG6 that flank SWS1 in other species, so this is probably the correct genomic location. A large unsequenced region is present upstream of this exon ( Figure 1A) , and it is possible that the remainder of the gene is present within this region. However, despite numerous attempts, we have been unable to amplify any of the remaining exons from genomic DNA, indicating that the remainder of SWS1 has probably been deleted during evolution.
No genomic sequences corresponding to Rh2 could be found. In chicken, the Rh2 gene is flanked by MLN and GRM4 and these genes remain syntenic in the human genome. Both genes map to contig 17694 of the platypus genome, separated by 699 kb of sequence of which only 5% is undetermined. No Rh2 sequence is present in this contig and numerous attempts using degenerate primers failed to amplify Rh2 gene fragments from platypus genomic DNA. It is, thus, unlikely that the Rh2 gene is present in the platypus genome.
Phylogenetic analysis of the platypus Rh1, SWS2 and LWS opsins provides confirmation that these sequences are orthologues of the pigment genes of other vertebrates ( Figure 1C) , and the platypus SWS1 exon 5 sequence likewise falls into the SWS1 class (Supplemental data). Interestingly, the platypus SWS2 and LWS genes are adjacent on ultraContig 426, a linkage arrangement found also in fish [4] and birds [5] . In marsupials and placental mammals, the LWS gene is found on the X chromosome. Monotremes possess multiple X chromosomes which align during meiosis [6] . The assignment of SWS2/LWS to a particular X chromosome in the platypus may, therefore, assist in elucidating the origins of the mammalian X chromosome.
There are no data on the spectral sensitivity of the visual pigments in the highly protected platypus and there is little possibility of obtaining retinal tissue for this purpose. We have, therefore, used an alternative approach to ascertain the peak spectral sensitivities (λ max ) of Rh1, SWS2 and LWS pigments. The predicted exons for each gene were amplified and fused into single coding units (Supplemental data). These units were then expressed in vitro [7] . In all three cases, the addition of 11-cis-retinal generated dark and bleached spectra ( Figure 1D ), confirming that each gene is capable of forming a fully functional and correctly folded visual pigment in vitro. The λ max of the SWS2 pigment at 451 nm is within the blue-range (440-460 nm) of known SWS2 visual pigments, and the values for the Rh1 and LWS pigments of 498 nm and 550 nm, respectively, are similar to the λ max of orthologous pigments in other species [8] . Although final confirmation that these pigments are expressed in vivo will have to await the analysis of retinal tissue, the absence of deleterious mutations in the identified genes and the generation of functional pigments in vitro provides strong evidence that they are expressed, and is consistent with the presence of single and double cones in the platypus retina [9, 10] . This is the first report of an SWS2 gene in any mammal. The eutherian reduction to dichromacy with the loss of SWS2 must have occurred after the divergence of monotremes from the other representatives of the mammalian lineage. In parallel, the platypus lost the SWS1 gene. It is interesting to note that the λ max of the platypus SWS2 pigment is only marginally red-shifted compared to the SWS1 pigment in many eutherians and marsupials. The presence of SWS1 and SWS2 in the eutherians/marsupials and monotremes, respectively, 
